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1.0 INTRODUCTION 

This report documents the activities and results of the winter 2006 groundwater monitoring at Installation 
Restoration Program (IRP) Site 24 (Entomology Wash Rack), Vandenberg Air Force Base (AFB), Santa 
Barbara County, California.  Samples were collected at Site 24 by Tetra Tech, Inc. (Tetra Tech) during 
February and March 2006.  The location of Site 24 is shown on Figure 1.   

The groundwater monitoring is being completed in accordance with the Basewide Groundwater 
Monitoring Program (BGMP) Work Plan (Tetra Tech, Inc. 2000a), the BGMP Health and Safety Plan 
Addendum (Tetra Tech 2000b), the Basewide Sampling and Analysis Plan (Tetra Tech 2003), the BGMP 
Quality Assurance Project Plan (QAPP) Addendum (Tetra Tech 2004), the Vandenberg AFB Hazardous 
Waste Management Plan (U.S. Air Force 2002), and the Waste Management Plan Addendum (Tetra Tech 
2005a).  Regulatory oversight of the work is being performed by the California Department of Toxic 
Substances Control (DTSC) and the Regional Water Quality Control Board—Central Coast Region 
(RWQCB).   

Site background information is summarized in Section 2.0.  The scope of work and methodology for 
groundwater monitoring are presented in Section 3.0.  The results of the quarterly monitoring are 
presented in Section 4.0.  Quality Assurance/Quality Control is discussed in Section 5.0.  
Recommendations for future sampling are presented in Section 6.0.   

A description and history of Site 24, including the site characterization portion of the remedial 
investigation (RI), can be found in the Supplemental RI Report (HydroGeoLogic, Inc. [HGL] 2004a).  
The results of previous environmental investigations can be found in the RI Report (HGL 2004b).   

2.0 BACKGROUND 

2.1 SITE DESCRIPTION 

Site 24, known as the Entomology Wash Rack, is located in the main cantonment area of the base, west of 
the railroad spur adjacent to Utah Avenue and south of Nebraska Avenue (Figure 1).  The area 
surrounding Site 24 consists of three general investigation areas/groundwater regions.  These three 
areas/regions are the Southern Area (Region 1), the Western Area (Region 2), and the Northern Area 
(Region 3) as illustrated on Figure 1. 

Region 1 of Site 24 was formerly used for vehicle maintenance, fueling, and washing.  Adjacent to the 
former vehicle maintenance bay was a sump that contained water and was approximately 9 feet long, 6 
feet wide, and 6 feet deep.  The sump was removed and approximately 120 cubic yards of soil were 
excavated by the IT Corporation (now known as Shaw Environmental, Inc.) in 2001 (HGL 2004b).  The 
fueling station had an 11,000-gallon steel fuel tank and associated piping that were removed between 
1990 and 1992.  Building 11193, located southwest of Region 2, was formerly used as a laundry facility.  
Contamination sources at Site 24 include pesticides in soil around the entomology wash rack, gasoline 
associated with the abandoned underground storage tank (UST), diesel and chlorinated solvents 
associated with former maintenance bay and adjacent sump, and chlorinated solvents associated with the 
former laundry facility.  HGL conducted a pilot study in the northeast portion of Region 2 between 9 
October 2003 and 6 February 2004 where CL-Out microbes and permanganate were injected into shallow 
zone injection wells 24-PIW-8-1 and 24-PIW-8-2 (HGL 2004a).  Between 19 September 2005 and 21 
September 2005, Versar Inc. and ARCADIS installed one new injection well and three new monitoring 
wells adjacent to the existing injection wells.  These contractors injected molasses substrate in the new 
injection well (24-PIW-8-3) and the two existing injection wells (24-PIW-8-1 and 24-PIW-8-2) on 11 and 
12 January 2006.  An increase in total organic carbon and a decrease in pH were observed by Versar 
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during weekly sampling of nearby wells in January 2006 following injection (Versar 2006).  For more 
information on this project; contact the 30 CES/CEVR.  Region 3 is the area north of Regions 1 and 2 and 
hydrologically downgradient from Regions 1 and 2 in the intermediate and deep groundwater zones.  
Region 3 does not have significant surface development. 

2.2 HYDROGEOLOGY 

Site 24 is located on an uplifted late-Pleistocene marine terrace within the Burton Mesa physiogeographic 
province.  Groundwater typically occurs unpredictably in small lenses perched on low-permeability layers 
on Burton Mesa.  At the site, the alluvial deposits overlying the bedrock contain three generalized 
groundwater zones referred to as the “shallow,” “intermediate,” and “deep” zones.  All three zones have 
relatively low groundwater recharge rates and minimal groundwater volume.  Groundwater flow occurs 
primarily through small lenses perched on low-permeability layers; through thin, narrow seams between 
zones of low permeability; or along the bedrock surface following potential paleochannels in the bedrock 
erosional topography.  Natural recharge to the Site 24 area groundwater is primarily from precipitation.  
Infiltration from precipitation occurs in all unpaved areas.  Some runoff is diverted into storm channels 
that transport water toward IRP Site 20.  Irrigation water southwest, west, and northwest of the Site 24 
boundary collects in a drainage “wetlands” and may contribute significantly to the groundwater budget in 
the Site 24 area.   

Shallow groundwater occurs as a perched saturated zone overlying a low-permeability clay layer that is 
encountered from 15 to 25 feet below ground surface (bgs) in the Site 24 area (HGL 2004a).  The shallow 
groundwater zone does not exist north of Regions 1 and 2 (Figure 2A).  Intermediate groundwater 
overlies another distinct low-permeability clay layer that occurs between 35 and 45 feet bgs (HGL 
2004a).  The intermediate groundwater zone extends north and west from the Site 24 area into Regions 2 
and 3 (Figure 2B).  Deep groundwater occurs below the intermediate clay layer from 60 feet bgs down to 
bedrock (HGL 2004a).  The deep groundwater zone occurs throughout Regions 1, 2, and 3 (Figure 2C). 
 
Shallow zone groundwater levels measured in February 2006 indicate that groundwater elevations ranged 
from approximately 443 to 453 feet above mean sea level (msl) (Table 1).  The interpreted direction of 
shallow zone groundwater flow during this timeframe indicates flow in several directions (Figure 2A).   
Near the southwestern edge of the Site 24 boundary, groundwater flows radially away from a 
potentiometric high with an average hydraulic gradient of 0.05 feet per foot.  Near the northwest trending 
“unlined drainage route” in Region 2, groundwater flows towards a potentiometric low with an average 
hydraulic gradient of 0.05 feet per foot. 

Intermediate zone groundwater levels measured in February 2006 indicate that groundwater elevations 
ranged from approximately 420 to 451 feet above msl.  During winter 2006, the interpreted direction of 
intermediate zone groundwater flow at Site 24 was generally to the northeast with an average hydraulic 
gradient of 0.04 feet per foot in Regions 2 and 3 and generally to the southeast in Region 1 (Figure 2B). 

Deep zone groundwater levels measured in February and March 2006 indicate that groundwater 
elevations ranged from approximately 393 to 449 feet above msl.  During winter 2006, the interpreted 
direction of deep zone groundwater flow at Site 24 was generally to the northeast with an average 
hydraulic gradient of 0.02 feet per foot in Regions 2 and 3, to the northwest with an average hydraulic 
gradient of 0.15 feet per foot on the western edge of Region 3, and to the southeast with an average 
hydraulic gradient of 0.1 feet per foot in Region 1 and the eastern portion of Region 2 (Figure 2C). 
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3.0 SCOPE OF WORK 

The work performed for the winter 2006 groundwater monitoring at Site 24 included measuring 
groundwater levels, collecting groundwater for field and laboratory analysis, and preparing this report.  In 
addition, MicroPurge pumps were installed in wells 24-PMW-1, 24-MW-9A, 24-MW-22A, 24-MW-3B, 
and 24-MW-9B during winter 2006. 

3.1 GROUNDWATER MONITORING  

Fifty-six monitoring wells were sampled at Site 24 during winter 2006.  Grundfos pumps, MicroPurge 
pumps, and a bailer were used for purging groundwater from shallow zone wells 24-PMW-1 through 
24-PMW-5, 24-PMW-8, 24-PMW-8-2, 24-PIW-8-1, 24-PIW-8-2, 24-PMW-9 through 24-PMW-11, 
24-PMW-13, 24-PMW-18, 24-PMW-19, 24-PMW-21, 24-PMW-22, and 24-PMW-26; intermediate zone 
wells 24-MW-2, 24-MW-3A, 24-MW-5A, 24-MW-8A, 24-MW-8A-2, 24-MW-9A through 24-MW-12A, 
24-MW-14A, 24-MW-15A, 24-MW-22A, 24-MW-26A, and 24-MW-28A through 24-MW-30A; and 
deep zone wells 24-MW-3B through 24-MW-5B, 24-MW-8B through 24-MW-17B, and 24-MW-19B 
through 24-MW-27B.  Duplicate samples were collected from shallow zone wells 24-PMW-1 and 
24-PIW-8-1 and deep zone wells 24-MW-3B, 24-MW-10B, 24-MW-14B, 24-MW-19B, and 
24-MW-27B.  Deep zone well 24-MW-31B was not sampled due to insufficient water in the well.  
Intermediate zone wells 24-MW-6 and 24-MW-7 were dry and were not sampled.  Sampling was 
conducted in accordance with the documents cited in Section 1.0.  Measured groundwater elevations are 
presented in Table 1, and groundwater contours are illustrated on Figures 2A, 2B, and 2C.  Purge records 
are provided in Appendix A. 
 
In general, wells were purged until a minimum of one pump and tubing volume of water (for MicroPurge 
pumps) or a minimum of three well volumes of water (for Grundfos pumps and bailers) were removed 
and water quality parameters had stabilized.  Criteria for determining stabilization are three successive 
measurements of temperature within ±1 degree Celsius, pH within ±0.1, conductivity within ±5 percent, 
and a turbidity reading of less than 5 nephelometric turbidity units (NTUs).  In cases where stability or a 
turbidity reading of less than 5 NTUs was not obtained, samples were collected after purging a minimum 
of five pump and tubing volumes of water (for MicroPurge pumps) or a minimum of five well volumes of 
water (for Grundfos pumps and bailers). 

3.1.1 MicroPurge Groundwater Sampling 

MicroPurge sampling was conducted at shallow zone wells 24-PMW-1, 24-PMW-11 and 24-PMW-19, 
intermediate zone wells 24-MW-2, 24-MW-9A, 24-MW-12A, and 24-MW-22A, and deep zone wells 
24-MW-3B, 24-MW-4B, 24-MW-9B, 24-MW-10B, 24-MW-12B, 24-MW-14B, 24-MW-15B, 
24-MW-17B, 24-MW-19B, and 24-MW-23B through 24-MW-25B.  Pumping rates were calibrated for 
each well prior to purging to maintain a static water level (i.e., no drawdown).  Shallow zone well 
24-PMW-19, intermediate zone well 24-MW-12A, and deep zone well 24-MW-4B were sampled after 
purging at least five well volumes of water due to high turbidity.  Dedicated MicroPurge pumps were 
newly installed in wells 24-PMW-1, 24-MW-9A, 24-MW-22A, 24-MW-3B, and 24-MW-9B for the 
winter 2006 sampling round.  At least five pump and tubing volumes of water were purged from wells 
24-PMW-1, 24-MW-9A, 24-MW-22A before sampling in order to better assess water quality parameters 
after installation of the MicroPurge systems. 

3.1.2  Standard Groundwater Sampling 

A 2-inch Grundfos pump was used for purging groundwater from all Site 24 monitoring wells sampled 
this quarter except those listed in Section 3.1.1, which were purged using dedicated MicroPurge pumps, 
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and well 24-MW-14A, which was purged using a disposable Teflon bailer.  All Site 24 wells purged with 
a 2-inch Grundfos pump or disposable Teflon bailer were sampled after purging a minimum of three well 
volumes of water, allowing water quality parameters to stabilize, or after sufficient recharge if the well 
was purged dry.  The groundwater in the wells was allowed to sufficiently recharge before the samples 
were collected with disposable Teflon bailers.  Shallow zone wells 24-PMW-2, 24-PMW-4, 24-PMW-5, 
24-PMW-13, intermediate zone wells 24-MW-28A, 24-MW-29A, and 24-MW-30A, and deep zone well 
24-MW-4B were sampled after purging at least five well volumes of water due to high turbidity. 

4.0 RESULTS 

Temperature, conductivity, pH, and turbidity were measured in the field during sampling.  Readings taken 
immediately prior to sampling are presented in Table 2. Fixed laboratory analyses were performed by 
EMAX Laboratories, Inc. in Torrance, California.  Samples were analyzed according to the work plan 
(Tetra Tech 2000a) for dissolved metals (aluminum, antimony, arsenic, cadmium, selenium, and thallium 
only) by U.S. Environmental Protection Agency (EPA) methods SW6010B and SW7470A, total 
petroleum hydrocarbons as gasoline (TPHg), total petroleum hydrocarbons as diesel (TPHd), and 
methanol and ethanol by EPA method SW8015B, volatile organic compounds (VOCs) by EPA method 
SW8260B, 1,4-dioxane by modified EPA method SW8270C with single ion monitoring (SIM) 
quantitation, semivolatile organic compounds (SVOCs) by EPA method SW8270C, organochlorine 
pesticides (OCPs) by EPA method SW8081B, and organophosphorous pesticides (OPPs) by EPA method 
SW8141A.  Laboratory analyses and data validation were conducted according to the QAPP Addendum 
(Tetra Tech 2004).  Data validation was performed on 100 percent of the analytical data.  Analytical 
results are presented in Tables 3 through 7 and on Figures 3A, 3B, and 3C.  These figures show analytical 
results from shallow, intermediate, and deep groundwater wells, respectively.  Historical data for key 
contaminants of concern (COCs) are presented in Table 8 and on Figures 4A, 4B, and 4C.  These figures 
show historical data for key COCs from shallow, intermediate, and deep groundwater wells, respectively.  
Chain-of-custody records are provided in Appendix B.   

4.1 METALS 

Groundwater samples collected from the wells listed on Table 3 were analyzed for dissolved aluminum, 
antimony, arsenic, cadmium, selenium, and thallium concentrations.  Dissolved metal concentrations were 
compared to the California primary maximum contaminant levels (MCLs) and the 95th percentile 
background threshold values (BTVs) for groundwater (Jacobs Engineering Group, Inc. 1994).  Results for 
dissolved metals are presented in Table 3.  Results for dissolved metals above BTVs are presented on 
Figures 3A, 3B, and 3C. 

Dissolved aluminum was detected above the BTV of 1,200 micrograms per liter (µg/L) and the MCL of 
1,000 µg/L in groundwater from wells 24-PMW-8 and 24-PMW-13 at concentrations of 71,500 µg/L and 
4,470 µg/L, respectively. 

Dissolved arsenic was detected above the BTV of 7 µg/L and the MCL of 10 µg/L in groundwater from 
four wells in the shallow and deep groundwater zones.  The highest concentration (266 µg/L) was 
detected in groundwater from shallow zone well 24-PMW-8. 

Dissolved selenium was detected above the BTV of 3 µg/L but below the MCL of 50 µg/L in 
groundwater from 23 wells in all three groundwater zones.  The highest concentration (31.6 µg/L) was 
detected in groundwater from shallow zone well 24-PMW-8. 

Dissolved thallium was detected above the BTV of 1 µg/L and the MCL of 2 µg/L in groundwater from 
eight wells in all three groundwater zones.  However, only the results from intermediate zone well 
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24-MW-2 and deep zone well 24-MW-10B (parent and duplicate sample) were not qualified for blank 
contamination.  The highest thallium concentration detected that was not qualified for blank 
contamination (6.2 µg/L) was detected in the duplicate sample from deep zone well 24-MW-10B. 

4.2 TOTAL PETROLEUM HYDROCARBONS 

Total petroleum hydrocarbons as gasoline were detected in groundwater from 6 of the 9 wells sampled for 
TPHg (Table 4).  The highest concentrations of TPHg were detected in groundwater from shallow zone 
wells 24-PMW-18 and 24-PMW-1, at concentrations of 22 and 6.4 milligrams per liter (mg/L) (5.8 mg/L 
in the duplicate sample), respectively (Table 4).  Shallow zone wells 24-PMW-1, 24-PMW-2, 24-PMW-8, 
24-PMW-18, and 24-PMW-22 were the only Site 24 wells where TPHg concentrations were above the 
Leaking Underground Fuel Tank (LUFT) action level of 1 mg/L for TPH in groundwater.  The TPHg 
detected in groundwater from wells 24-PMW-8 is a result of chlorinated hydrocarbons (primarily 
trichloroethene [TCE], tetrachloroethene [PCE], and cis-1,2-dichloroethene [DCE]) in the gasoline range, 
since no benzene, toluene, ethylbenzene, and xylenes (BTEX) were detected in groundwater from these 
wells.  The TPHg detected in groundwater from wells 24-PMW-18  and 24-PMW-22 were also a result of 
chlorinated hydrocarbons in the gasoline range since the BTEX concentrations (ranging from 0.23 to 2 
µg/L) were relatively low compared to detected PCE concentrations of 47,000 and 28,000 µg/L and TCE 
concentrations of and 67 and 69 µg/L, respectively (Table 5). 

An analysis of the relationship between elevated chlorinated solvent concentrations and TPHg detected in 
groundwater from well 24-PMW-18 was provided in the summer 2005 report (Tetra Tech 2005b).  This 
report concluded that the high concentrations of TPHg in the absence of BTEX at Site 24 are the result of 
chlorinated hydrocarbons being measured by method SW8015B in the gasoline range.  Detections of 
TPHg in the presence of low concentrations of BTEX and accompanied by high concentrations of PCE 
and TCE are also caused by the same phenomenon. 

Total petroleum hydrocarbons as diesel were detected in groundwater from 13 of the 41 wells sampled for 
TPHd (Table 4).  The highest concentrations of TPHd were detected above the LUFT action level of 1 
mg/L for TPH in groundwater from shallow zone wells 24-PMW-8 and 24-PMW-1 at concentrations of 
110 and 2.3 mg/L (2.1 mg/L in the duplicate sample), respectively. 

Total petroleum hydrocarbon concentrations were similar to those previously detected with the following 
exceptions (Table 8).  TPHd concentrations in groundwater from shallow zone well 24-PMW-8 have 
increased from 1.1 mg/L in summer 2005 to 52 mg/L in fall 2005, and 110 mg/L in winter 2006.  The 
high TPHd were detected in groundwater from well 24-PMW-8 and the increasing trend may be a result 
of drilling and well development activities at new nearby wells.  TPHd results next quarter will be used to 
confirm this trend.  The TPHd concentration in groundwater from shallow zone well 24-PMW-11 has 
been decreasing since winter 2005 and was at a historically low concentration of 0.91 mg/L during winter 
2006. 

4.3 VOLATILE ORGANIC COMPOUNDS 

Groundwater collected from all wells sampled during winter 2006 was analyzed for VOCs.  VOCs were 
detected in groundwater samples from 47 of the 56 wells sampled (Table 5).   

PCE was detected above the MCL of 5 µg/L in groundwater from 27 wells.  The highest shallow zone 
concentration was detected in groundwater from well 24-PMW-18 (47,000 µg/L) (Figure 3A).  The 
highest intermediate zone concentration was detected in groundwater from well 24-MW-26A 
(2,900 µg/L) (Figure 3B).  The highest deep zone concentration was detected in groundwater from well 
24-MW-13B (660 µg/L) (Figure 3C).   
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TCE was detected above the MCL of 5 µg/L in groundwater from 27 wells.  The highest shallow zone 
concentration was detected in groundwater from well 24-PMW-2 (250 µg/L).  The highest intermediate 
zone TCE concentration was detected in groundwater from wells 24-MW-8A and 24-MW-8A-2 (280 in 
both).  The highest deep zone TCE concentration was detected in groundwater from well 24-MW-14B 
(1,100 µg/L in the parent sample and 1,000 µg/L in the duplicate sample).   

The compound cis-1,2-DCE was detected above the MCL of 6 µg/L in groundwater from 13 wells.  The 
highest shallow zone cis-1,2-DCE concentrations were detected in the groundwater sample from wells 
24-PMW-8-2 and 24-PMW-8 (80 and 65µg/L, respectively).  The highest intermediate zone 
concentration was detected in well 24-MW-8A-2 (55 µg/L), and the highest deep zone concentration was 
detected in well 24-MW-8B (64 µg/L).   

Vinyl chloride was detected above the MCL of 0.5 µg/L in groundwater from 5 wells.  The highest vinyl 
chloride concentration (17 µg/L) was detected in the groundwater sample from shallow zone well 
24-PMW-3.  Vinyl chloride was not detected in the intermediate zone wells and was detected once above 
the MCL in groundwater from deep zone well 24-MW-5B at a concentration of 2.8 µg/L. 

The compound 1,1-DCE was detected above the MCL of 6 µg/L in groundwater from 5 wells.  The 
highest concentration (520 µg/L) was detected in the groundwater sample from deep zone well 
24-MW-5B.  The highest concentration detected in groundwater from the shallow zone wells was 200 
µg/L in groundwater from well 24-PMW-4.  The only concentration detected in the intermediate zone 
wells was 62 µg/L in groundwater from well 24-MW-5A. 

The compound 1,1,1-trichloroethane (TCA) was detected above the MCL of 200 µg/L in groundwater 
from shallow zone well 24-PMW-4 at a concentration of 620 µg/L. 

The compound 1,1,2-TCA was detected above the MCL of 5 µg/L in the groundwater sample from 
shallow zone well 24-PMW-1 at a concentration of 9.8 µg/L (9 µg/L in the duplicate sample) and in the 
groundwater sample from deep zone well 24-MW-5B at a concentration of 6.2 µg/L.   

The compound 1,1-dichloroethane (DCA) was detected above the MCL of 5 µg/L in groundwater from 5 
wells.  The highest 1,1-DCA concentration (510 µg/L) was detected in the groundwater sample from 
shallow zone well 24-PMW-4.  This compound was also detected at concentrations above the MCL in 
groundwater from shallow zone wells 24-PMW-1 and 24-PMW-5, intermediate zone well 24-MW-5A, 
and deep zone well 24-MW-5B. 

The compound 1,2-DCA was detected above the MCL of 0.5 µg/L in groundwater from 5 wells.  The 
highest 1,2-DCA concentration (310 µg/L) was detected in the duplicate groundwater sample from 
shallow zone well 24-PMW-1 (280 µg/L in the parent sample).  The compound was detected in one deep 
zone well (24-MW-5B) and one intermediate zone well (24-MW-5A) at concentrations of 9.4 and 0.64 
µg/L, respectively. 

Benzene was detected above the MCL of 1 µg/L in groundwater from 3 of the 56 wells sampled.  
Benzene was only detected above the MCL in groundwater samples from shallow zone wells.  The 
highest benzene concentrations were detected in the parent and duplicate groundwater samples from 
shallow zone well 24-PMW-1 (850 and 930 µg/L, respectively).   

The compound 1,4-dioxane was detected above the Department of Health Services Notification Level 
(DHS NL) of 3 µg/L in groundwater from shallow zone well 24-PMW-5 at a concentration of 59 µg/L, 
from intermediate zone wells 24-MW-5A at a concentration of 110 µg/L; and from deep zone well 
24-MW-5B at a concentration of 980 µg/L (Table 6).  The 1,4-dioxane result for the sample from well 
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24-PMW-4 was rejected and not usable for any purpose.  However, the compound 1,4-dioxane was 
detected in groundwater from well 24-PMW-4 at a concentration of 310 µg/L during fall 2005 and is 
believed to be present in groundwater from this well. 

Methanol and ethanol were detected in groundwater from well 24-PMW-8 at concentrations of 11 and 
200 mg/L, respectively (Table 4). 

Significant concentrations of the ketones acetone and 2-butanone were detected in groundwater from 
wells 24-PIW-8-1, 24-PIW-8-2, 24-PMW-8, and 24-PMW-8-2.  Acetone concentrations in groundwater 
from these wells ranged from 68 to 6,500 µg/L, and 2-butanone concentrations ranged from 110 to 4,900 
µg/L.  These high concentrations appear to be related to the remedial activities associated with wells 
24-PIW-8-1 and 24-PIW-8-2 (Section 2.1).  Additionally, acetone was detected in groundwater from 
wells 24-PMW-3 and 24-MW-21B at concentrations of  19 µg/L and 14 µg/L, respectively. 

In general, VOC concentrations detected above MCLs during winter 2006 were similar to those 
previously detected, with the following noteworthy exceptions (Table 8 and Figures 4A, 4B, and 4C).  
During winter 2006, PCE was detected for the first time in groundwater from intermediate zone well 
24-MW-15A at a concentration of 15 µg/L, which is above the MCL of 5 µg/L.  The PCE concentrations 
in groundwater from intermediate zone well 24-PMW-10 show an increasing trend.  The PCE 
concentration in groundwater for intermediate zone well 24-MW-8A increased from 11 to 27 µg/L, which 
represents a historical high.  Winter 2006 was the first quarter that PCE was not detected in groundwater 
from shallow zone well 24-PMW-8-2 following an overall decreasing trend; all previous detections had 
been above the MCL.  In addition, the PCE concentration in groundwater from shallow zone well 
24-PIW-8-2 has decreased from 65 µg/L in fall 2004 to 0.79 µg/L in winter 2006, which represents a 
historical low.  Finally, PCE concentrations in groundwater from intermediate zone well 24-MW-22A 
have generally been increasing, while PCE concentrations in groundwater from shallow zone well 
24-PIW-8-1 have decreased to below detection limits.   
 
Between summer 2005 and winter 2006, the TCE concentration in groundwater from shallow zone wells 
24-PMW-8-2, 24-PIW-8-1, and 24-PIW-8-2 decreased from 420, 180, and 380 µg/L, respectively, to 11, 
11, and 25 µg/L, respectively, which represent historical lows with the exception of a TCE detection of 3 
µg/L in well 24-PMW-8-2 during fall 2004.  Additionally, TCE was detected at a concentration of 9.5 
µg/L in groundwater from intermediate zone well 24-MW-15A, which represents a historical high and the 
first time TCE has been detected above the MCL of 5 µg/L in groundwater from this well.  Deep zone 
wells 24-MW-9B and 24-MW-20B increased from below the MCL to 10 µg/L and 6.3 µg/L, respectively, 
which represent historical highs. 
 
Between summer 2005 and winter 2006, the cis-1,2-DCE concentration in groundwater from shallow 
zone well 24-PIW-8-1 decreased from 16 µg/L to 1.3 µg/L, which represents a historical low.  Winter 2006 
is the first quarter that cis-1,2-DCE was not detected in groundwater from shallow zone well 24-PIW-8-2.  
The cis-1,2-DCE concentration in groundwater from intermediate zone well 24-MW-8A-2 shows a 
decreasing trend and the cis-1,2-DCE concentration in groundwater from deep zone well 24-MW-22B 
increased to above the MCL of 6 µg/L, from 2.7 µg/L during fall 2005 to 8.4 µg/L during winter 2006, 
which represents a historical high and the first time cis-1,2-DCE has been detected above the MCL in 
groundwater from this well.  Additionally, the cis-1,2-DCE concentration in well 24-MW-23B has been 
increasing.   
 
Vinyl chloride was detected for the first time in groundwater from shallow zone well 24-PMW-8 during 
winter 2006 at a concentration of 3.6 µg/L, which is above the MCL of 0.5 µg/L.  In addition, the vinyl 
chloride concentration in shallow zone well 24-PMW-3 has generally been decreasing.   
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The 1,1,1-TCA concentration in groundwater from shallow zone well 24-PMW-5 decreased from 480 to 
180 µg/L between fall 2005 and winter 2006, which represents a historical low and the first time the 
compound has been detected below the MCL of 200 µg/L.  Additionally, the 1,1,1-TCA concentration in 
groundwater from shallow zone well 24-PMW-4 decreased from 5,000 µg/L during winter 2005 to 620 
µg/L during winter 2006 and the 1,1,1-TCA concentration in groundwater from deep zone well 
24-MW-5B has decreased from 110 µg/L during winter 2005 to 66 µg/L during winter 2006.  

4.4 SEMIVOLATILE ORGANIC COMPOUNDS 

Groundwater samples from 7 of the 56 wells sampled during winter 2006 were analyzed for SVOCs.  The 
compounds benzoic acid, 4-methylphenol, and phenol were detected in groundwater from well 
24-PMW-8 at concentrations of 1,800, 1,000, and 1,900 µg/L, respectively.  Naphthalene was detected in 
the sample from well 24-PMW-2 at a concentration of 5.7 µg/L.   

4.5 PESTICIDES 

Groundwater samples collected from shallow zone wells 24-PMW-1, 24-PMW-2, and 24-PMW-3 were 
analyzed for OCPs and OPPs.  Five OCPs were detected in groundwater from well 24-PMW-1 and one 
OCP was detected in the groundwater from well 24-PMW-3 (Table 7).  Heptachlor epoxide and gamma-
benzene hexachloride (lindane) were detected above their respective MCLs of 0.01 and 0.2 µg/L in the 
duplicate sample from well 24-PMW-1 at concentrations of 0.092 and 0.31 µg/L, respectively.  OPPs 
were not detected in groundwater from well 24-PMW-2.  

5.0 QUALITY ASSURANCE/QUALITY CONTROL 

All of the analytical data presented in this report have been validated according to the QAPP Addendum 
(Tetra Tech 2004).  The data validation process includes review of sample preservation, temperature, and 
hold times; detection and quantitation limits; instrument calibration; and equipment blank, trip blank, 
method blank, laboratory control sample, and matrix spike/matrix spike duplicate.  Data validation 
qualifiers and comments are provided on the data tables to indicate the results of the data validation and to 
quantitatively indicate the usability of the data.  In addition, field sampling records are reviewed to assess 
the potential for any field conditions to adversely impact the data quality.   

Selenium and thallium analytical results were qualified for blank contamination due to their presence in 
the associated method blanks.  The 1,4-dioxane result for the sample from well 24-PMW-4 was rejected 
and is not usable for any purpose.  These discrepancies are considered minor and do not significantly 
impact the data quality or interpretations presented in this report.  The data quality objectives for the 
winter 2006 sampling at Site 24 were achieved. 

6.0 RECOMMENDATIONS 

In the fall 2005 Groundwater Monitoring Report, Tetra Tech and the Air Force made the following 
recommendations: 
 

1. Adding a screening round of analysis for 1,2,3-trichloropropane (TCP) for wells 24-PMW-4, 
24-PMW-5, 24-MW-5A, 24-MW-5B, 24-MW-8A, 24-MW-8B, 24-PMW-8, 24-MW-11A, 
24-MW-14B, 24-PMW-18, 24-MW-26A, 24-MW-26B during spring 2006.  The RWQCB and 
DTSC requested that the Air Force reevaluate the conceptual site model, identify data gaps, and 
recommend actions to fill those data gaps as well as considering concentrations of TCP in other 
site wells when preparing recommendations for further sampling of emergent chemicals 
(Comment 2).  The Air Force concurred with the State and provided a revised recommendation 
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for sampling TCP at Site 24 in response to State comments on the fall 2005 report, dated 26 May 
2006.  The Air Force has not received a response from the State yet on the Air Force response to 
State comments. 

2. Add a screening round of analysis for 1,4-dioxane for wells 24-PMW-4, 24-PMW-5, 24-MW-5A, 
24-MW-5B, 24-MW-8A, 24-MW-8B, 24-PMW-8, 24-MW-11A, 24-MW-14B, 24-PMW-18, 
24-MW-26A, and 24-MW-26B during spring 2006.  The RWQCB and DTSC requested that the 
Air Force reevaluate the conceptual site model, identify data gaps, and recommend actions to fill 
those data gaps as well as considering concentrations of 1,4-dioxane in other site wells when 
preparing recommendations for further sampling of emergent chemicals (Comment 2).  The Air 
Force concurred with the State and provided a revised recommendation for sampling 1,4-dioxane 
at Site 24 in response to State comments on the fall 2005 report, dated 26 May 2006.  The Air 
Force has not received a response from the State yet on the Air Force response to State 
comments. 

3. Remove TPHg analysis for well 24-PMW-18.  The RWQCB and DTSC concurred with this 
recommendation.  TPHg sampling may be reinstated as necessary to support site closure 
decisions. 

4. Reduce the TPHd sampling frequency for shallow zone well 24-PMW-22 from quarterly to 
annually during the winter quarters beginning with the spring 2006 sampling round.   The 
RWQCB and DTSC concurred with this recommendation. 

5. Remove TPHd analysis for intermediate zone well 24-MW-3A beginning with the spring 2006 
sampling round.   The RWQCB and DTSC concurred with this recommendation.   

6. Reduce the TPHd sampling frequency for intermediate zone well 24-MW-8A from quarterly to 
annually during the winter quarters beginning with the spring 2006 sampling round.   The 
RWQCB and DTSC concurred with this recommendation. 

7. Reduce the TPHd sampling frequency for intermediate zone well 24-MW-12A from quarterly to 
semiannually during the winter and summer quarters beginning with the spring 2006 sampling 
round.   The RWQCB and DTSC concurred with this recommendation. 

8. Reduce the sampling frequency for intermediate zone wells 24-MW-14A and 24-MW-15A from 
quarterly to semiannually during the winter and summer quarters beginning with the spring 2006 
sampling round.  We recommend continuing to monitor water levels in these wells quarterly for 
use in groundwater elevation contouring.  The RWQCB and DTSC concurred with this 
recommendation. 

9. Remove TPHd analysis for intermediate zone well 24-MW-14A beginning with the spring 2006 
sampling round.  The RWQCB and DTSC concurred with this recommendation. 

10. Reduce the TPHd sampling frequency for intermediate zone well 24-MW-22A from quarterly to 
annually during the winter quarters beginning with the spring 2006 sampling round.  The State 
concurred with this recommendation.   

11. Reduce the sampling frequency for intermediate zone well 24-MW-30A from quarterly to 
annually during the winter quarters beginning with the spring 2006 sampling round.   The 
RWQCB and DTSC did not concur with this recommendation.  Quarterly monitoring will 
continue until a clearer trend has been established. 



Site 24 Winter 2006 Groundwater Monitoring Report 10                                                       <S24_Win06_Rpt> 6/13/2006 
 

12. Reducing the TPHd sampling frequency for deep zone well 24-MW-3B from quarterly to 
annually during the winter quarters beginning with the spring 2006 sampling round.  The 
RWQCB and DTSC concurred with this recommendation. 

The spring 2006 sampling will be conducted according to the work plan (Tetra Tech 2000a).  



Site 24 Winter 2006 Groundwater Monitoring Report 11                                                       <S24_Win06_Rpt> 6/13/2006 
 

7.0 REFERENCES 

HydroGeoLogic Inc. (HGL) 
2004a Supplemental Remedial Investigation Report Site 24—Entomology Wash Rack, 
Vandenberg Air Force Base, California.  Draft.  September. 

HydroGeoLogic Inc. (HGL) 
2004b Remedial Investigation Report Site 24—Entomology Wash Rack, Vandenberg Air Force 
Base, California.  Final.  August. 

Jacobs Engineering Group, Inc. 
1994 Basewide Background Sampling Report.  Final.  Prepared for the Air Force Center for 
Environmental Excellence.  June. 

Tetra Tech, Inc. 
2000a Basewide Groundwater Monitoring Program Work Plan.  Prepared for 30 CES/CEV, 
Installation Restoration Program, Vandenberg Air Force Base, California, and Headquarters Air 
Force Space Command, Peterson Air Force Base, Colorado.  December.   

Tetra Tech, Inc. 
2000b Basewide Groundwater Monitoring Program Health and Safety Plan Addendum. 
Prepared for 30 CES/CEV, Installation Restoration Program, Vandenberg Air Force Base, 
California, and Headquarters Air Force Space Command, Peterson Air Force Base, Colorado.  
December. 

Tetra Tech, Inc. 
2002 Basewide Groundwater Monitoring Program Interpretation, Visualization, and 
Optimization, Vandenberg Air Force Base Installation Restoration Program.  Presentation 
prepared for 30 CES/CEVR Installation Restoration Program, Vandenberg Air Force Base, 
California.  March. 

Tetra Tech, Inc. 
2003 Final Basewide Sampling and Analysis Plan.  Prepared for 30 CES/CEV Installation 
Restoration Program, Vandenberg Air Force Base, California, and Headquarters Air Force Space 
Command, Peterson Air Force Base, Colorado.  September. 

Tetra Tech, Inc. 
2004 Basewide Groundwater Monitoring Program Quality Assurance Project Plan Addendum.  
Final.  Prepared for Department of the Air Force 30 CES/CEVR, 806 13th Street, Suite 116, 
Vandenberg Air Force Base, California, and Department of the Air Force, Air Force Center for 
Environmental Excellence, DERA Restoration Division, 3300 Sidney Brooks, Brooks City-Base, 
Texas.  July. 
 

Tetra Tech, Inc. 
2005a Waste Management Plan Addendum.  Final.  730 CES/CEVR, Installation Restoration 
Program, Vandenberg Air Force Base, California, and Headquarters Air Force Space Command, 
Peterson Air Force Base, Colorado.  February. 



Site 24 Winter 2006 Groundwater Monitoring Report 12                                                       <S24_Win06_Rpt> 6/13/2006 
 

Tetra Tech, Inc. 
2005b Basewide Groundwater Monitoring Program Report, Summer 2005, Installation 
Restoration Program Site 24, Vandenberg Air Force Base, California.  Prepared for Department 
of the Air Force 30 CES/CEVR, 806 13th Street, Suite 116, Vandenberg Air Force Base, 
California, and Department of the Air Force, Air Force Center for Environmental Excellence, 
DERA Restoration Division, 3300 Sidney Brooks, Brooks City-Base, Texas.  December. 

U.S. Air Force 
1997 Long-Term Monitoring Optimization Guide, Final, Version 1.1.  Headquarters Air Force 
Center for Environmental Excellence, Brooks Air Force Base, Texas.  October. 

U.S. Air Force 
2002 Headquarters Thirtieth Space Wing, Vandenberg AFB, California.  Hazardous Waste 
Management Plan, 30 SW 32-7043-A, Change 1.  HQ 30th Space Wing, Vandenberg Air Force 
Base, California 93437-6261. April. 

Versar, Inc. 
2006 Remedial Program Managers Presentation, Site 24, Vandenberg Air Force Base, 
California.  22 February 2006. 

 




































































































































































































































































